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I
schemic strokes account for ≈87% of all types of strokes; the distribution of ischemic stroke subtypes varies in different parts of the world. 1 In Asia and South America, small vessel disease is the most prominent ischemic stroke subtype, whereas in Europe and the United States there is regional and ethnic variation in the distribution of stroke subtypes and their risk factors. 2 Correctly identifying the cause of stroke is important for selection of the appropriate therapy to best reduce the risk of recurrence. 3 This may be particularly important in patients with minor or moderate stroke/transient ischemic attack (TIA), because they are less disabled, so will have more to lose from a recurrent stroke. With changing patterns of practice, in particular, increasing use of statins in the past decade, the distribution of risk factors and stroke subtypes in this population is expected to change over time. Changes in stroke subtypes resulting from these changes in practice can be expected to lead to changes in how physicians view the likelihood of different causes of stroke among their patients and plan strategies for investigation of their patients.
The motivation for this study was the clinical suspicion, on the part of 2 senior stroke neurologists at our center, that cardioembolic strokes seemed to be increasing as a proportion of new patients referred to our local urgent TIA clinic. Our primary objective was to determine secular trends in ischemic stroke subtypes. We hypothesized that with more intensive management of atherosclerotic risk factors, there will have been a decrease in atherosclerotic risk factors and a decrease in large artery atherosclerosis and small vessel disease, and, in consequence, a proportional increase in cardioembolic stroke/TIA.
Methods
Study Setting and Timeline
This was a retrospective cohort study of patients diagnosed with minor or moderate stroke/TIA at the urgent TIA Clinic at University Hospital, a designated regional stroke hospital in London, Ontario. Based on Census reports from Statistics Canada, 599 538 residents were living in the referral area in 2006, and 619 881 residents were recorded in 2011. According to the 2011 census, 82% of the population of London are white, 2.7% Latin American, 2.6% Arab, 2.4% black, 2.2% South Asian, 2.0% Chinese, 1.9% Aboriginal, 1% Southeast Asian, 0.8% West Asian, 0.8% Korean, 0.6% Filipino, and 0.7% belong to other groups. In the surrounding farming area a higher
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proportion would be white, with lower representation of other groups except on aboriginal reservations. Our hospital is the designated regional stroke hospital under the Coordinated Stroke Strategy of Ontario, so by protocol all patients with stroke in the region are brought to this hospital. Most of the patients were seen in the emergency department and referred the next weekday to the urgent TIA clinic. Some patients were referred by their family physician, and some were referred after hospitalization and rehabilitation. The clinic is an ambulatory outpatient clinic, so all patients attending clinic had a modified Rankin score ≤4.
Eligible patients were selected beginning in 2002, when the urgent TIA was fully in operation, to 2012. The study was approved by the Western University Research Ethics Board (Protocol number 18716E).
Data Sources and Eligibility Criteria
The receptionist who receives all referrals faxed to the urgent TIA clinic provided a list of all patient names that were referred in sequence to J.D.S. based on the next appointment available. All patients for whom information was available to permit stroke subtype classification were included in analyses. Eligible participants were stroke/ TIA survivors who were diagnosed with a first-ever stroke/TIA between 2002 and 2012. Patients who were referred to the clinic and did not present to their appointment were excluded, as were patients who were diagnosed with a previous stroke or a stroke mimic (such as migraine, subdural hematoma, brain tumor, and other nonvascular conditions).
Main Outcomes: Ischemic Stroke Subtypes
The main outcome of this study is the diagnosis of ischemic stroke subtype. Classification of ischemic stroke subtypes was based on the Subtypes of Ischemic Stroke Classification System, 4 a modification of the causative classification system (CCS) of acute ischemic stroke, 5 incorporating measurement of carotid plaque burden (Table I in the online-only Data Supplement shows stroke subtypes by the causative classification system in various studies). In brief, the categorization of patients into the 5 ischemic stroke subtypes, large artery atherosclerosis, cardioembolic, small vessel disease, other rare or unusual etiology, and undetermined etiology, was based on information from the medical history, physical examination, and laboratory investigations, which confirmed or altered the initial diagnosis based on additional tests ordered after the first clinical assessment. All patients had carotid ultrasound and computed tomography and/or MRI. Other investigations were ordered as appropriate to the patient's presentation. The final adjudication of ischemic stroke subtypes was based on the review of the history, neurological examination, and all test results. 4 
Additional Outcomes: Stroke Risk Factors
Stroke risk factors included the following: age, sex, smoking, diabetes mellitus, myocardial infarction, blood pressure, and plasma lipids. Investigations included serum glucose, serum B12, plasma total homocysteine, lipid profile, computed tomography and MRI, and ECG. Also recorded were body mass index, medications for hypertension, diabetes mellitus, hyperlipidemia, antiplatelet and anticoagulant agents at the time before the onset of the stroke/TIA. Carotid Doppler ultrasound assessment of carotid stenosis and measurement of total plaque area were usually available at the time of the initial clinic visit. Additional tests were ordered as indicated after the first clinical assessment (Holter, transcranial Doppler, echocardiography, angiography, and carotid ultrasound if not already done).
Procedures: Data Collection
An experienced stroke neurologist (J.D.S.) examined and diagnosed all eligible patients with stroke/TIA and a second physician (C.B.) reviewed the clinical records and entered data into a database to assess the ischemic stroke subtypes and the stroke risk factors for the purpose of this study. Any cases for whom the stroke subtype was equivocal were reviewed by both physicians together to arrive at a consensus stroke subtype.
Statistical Analysis
Data quality was assessed using scatter plots for the continuous variables. All cases of unexplained outliers were re-evaluated comparing the information with paper chart documents, and erroneous data corrected. Continuous data were analyzed with ANOVA and discrete data were analyzed with χ 2 statistics. Secular trends in stroke/TIA subtypes using the Subtypes of Ischemic Stroke Classification System classification of stroke subtype for all cases in the cohort were analyzed using a Poisson regression model with a spline trend function. We plotted for each stroke/ TIA subtype a lattice plot counting all patients presenting with each stroke/TIA subtype per clinic day (online-only Data Supplement). We calculated the number of days from January 2002 until December 2012; the variable was called clinic day number, representing the response variable in our Poisson regression model. 6 This model was tested for serial correlation in the deviance residuals. In the case of autocorrelation, the P values of the Poisson regression model with the spline function were compared with the Mann-Kendall trend test with blocked bootstrap. 7 Significance tests were 2-sided with the probability of type I error at 0.05. Descriptive statistics and graph design were done using SPSS Version 21 and trend analysis was done using R, Version 2.15.2.
Results
Among 3950 consecutive patients referred to the J.D.S. at the urgent TIA clinic in this time period, 505 (12.8%) were excluded based on the exclusion criteria described above. Among the remaining 3445 patients included in our analyses, 1693 were men (49%) with mean age±SD 65±14 years and 1753 were women (51%) with mean age±SD 65±16 years (baseline characteristics are shown in the Table) .
There was no significant change in the number of patients presenting per year (Figure IA in the online-only Data Supplement). However, there was a significant increase in cardioembolic stroke/TIA, from 23% to 56% of cases, and a significant decrease in all other secular trends in ischemic stroke subtypes: large artery strokes from 43% to 26%, small vessel from 12% to 7%, other explained from 9% to 4%, and unexplained varied by era (P<0.05 for trend; Figure 1 ) with negative autocorrelation. The distribution of stroke subtypes by year is shown in Table II online-only Data Supplement). There was a significant difference in the distribution of stroke risk factors over time (Table V in the online-only Data Supplement) and among the 5 ischemic stroke subtypes (Table VI in the online-only Data Supplement). There was no change in patients presenting with atrial fibrillation (AF).
Discussion
Our findings confirm a trend of increasing cardioembolic stroke/TIA in patients with minor stroke/TIA. Cardioembolic stroke carries a higher risk of death, recurrent stroke, and hospital readmission 8 and a higher risk of severe disability compared with other stroke subtypes.
9,10 Early diagnosis and appropriate treatment are therefore mandatory to prevent recurrent events that lead to greater disability and increased healthcare cost. Anticoagulants are much more effective than antiplatelet agents for prevention of cardioembolic stroke 11 and the risk of recurrent events is high early after the initial event 12 ; early diagnosis of a cardioembolic source is therefore important. It is surprising that cardioembolic stroke increased without a significant increase in strokes because of AF. It is possible that this may have been because of increasing detection of paradoxical embolism over time. However, as shown in Table VII in the online-only Data Supplement, strokes caused by AF were relatively constant over time; the observed change in risk factors therefore seems more likely to account for the increasing trend to cardioembolic stroke. Regardless of the 
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reasons, our finding that cardioembolic stroke now represents a much higher proportion of referrals should alert physicians to the need for a higher index of suspicion of this stroke subtype.
The distribution of ischemic stroke subtypes varies across countries. This may relate importantly to the age distribution: in the Framingham study, AF accounted for 1.5% of strokes at the age of 50 to 59 years, increasing to 23.5% by age 80 to 89 years. 13 More recent studies show an higher prevalence of cardioembolic stroke, which represented 49% of strokes in Sweden and 56% of inpatients in Japan. 14 We found no change in patients presenting with AF over time. Approximately half of all patients with AF and less than one third of patients with cardioembolic stroke/TIA and AF were anticoagulated at the time of referral.
With better management of baseline stroke risk factors, we would expect that in more recent years, there would have been an increase in age of patients presenting with a first stroke/TIA and a decrease in the overall number of new cases. Surprisingly, there was an insignificant decrease in age and no change in the number of new patients presenting in more recent years. There was no significant change either at the population level, and the 7.5% increase had no effect on the trends for stroke/TIA subtypes in all patients in our cohort, or in men and women separately. We suspect that there might have been a shift from major stroke and death to minor stroke and TIA, given that there is a national decrease in major strokes and deaths and younger patients present with minor stroke/TIA. Our results are in agreement with those of the Dijon Stroke Registry 15 and the Greater Cincinnati/ Northern Kentucky region, 16 both showing an increase in younger patients presenting with stroke. Improved stroke prevention strategies and stroke symptom awareness may be responsible for diagnosing minor stroke/TIA at a younger age in patients at risk.
Large artery atherosclerosis was expected to decrease given that hypertension and hyperlipidemia are better controlled with the implementation of the Canadian Hypertension Education Program 17, 18 and an increase in statin prescription. 19 We showed in 2000 to 2007 that baseline stroke risk factors of patients with minor or moderate stroke/TIA were better controlled over time. 20 Similarly, evidence from autopsy reports of United States military service members show a decreasing prevalence of atherosclerosis: the prevalence of coronary atherosclerosis was 77% in the Korean War in 1953, 45% in the Vietnam War in 1975, and 8.5% in the Iraq war. [21] [22] [23] A considerable strength of our study is the large number of patients we were able to collect and the availability of all clinically relevant information. All of our patients had carotid ultrasound, something that was a major limitation in previous studies. 24, 25 Also, all patients were examined by the same stroke expert, who collected all information, and diagnosed and treated patients in the same manner throughout the study period. Therefore, we think that if any information bias exists, it will be nondifferential over time. However, it should be noted that, as described in our article on the stroke subtype classification system used in this study, 4 measurement of carotid plaque burden aids in the diagnosis of cardioembolic stroke because patients with little or no carotid plaque are considered less likely to have large artery disease.
Spectrum bias (the possibility that because some of the patients referred to the clinic were seen by other neurologists, we may have been seeing a different spectrum of patients) is a potential limitation in our study. However, this is unlikely, because patients were scheduled in the urgent TIA clinic on the basis of the first available appointment, usually on the next weekday. We were able to capture a representative sample of patients experiencing a minor or moderate stroke/TIA, but our conclusion cannot be generalized to all patients, particularly those with major disabling or fatal stroke. Moreover, it is likely that we missed information from patients with minor or moderate stroke/TIA who did not seek medical attention. However, in Ontario, patients who are not seen in a secondary stroke prevention center are more likely to have AF, myocardial infarction, congestive heart failure, diabetes mellitus, dementia, and a history of stroke, as compared with patients who are seen in this clinical setting and are more likely to have history of hyperlipidemia. 26 As a result, the incidence of cardioembolic stroke/TIA might be higher in our population.
Additional significant limitations of our study are the retrospective nature of our data and missing information such as race, socioeconomic status, physical activity, and diet.
Under-anticoagulation of patients with cardioembolic sources of stroke is an important problem, particularly in the elderly. 27 Among patients in the Canadian Stroke Registry presenting with stroke, and with known AF and no contraindication to anticoagulation, only 40% were receiving warfarin, 30% were on antiplatelet therapy, and 29% were on no antithrombotic therapy. 28 This situation may improve with the availability of new oral anticoagulants. However, investigation for cardioembolic sources may need to be more intensive. A Canadian multicenter study 29 found that in patients with cryptogenic stroke and a negative Holter recording at baseline, a repeat 
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Holter recording detected AF in only 3% of patients, whereas a 1-month automated recording detected AF in 16% of patients. This study indicates that with better control of coronary risk factors, stroke subtypes have changed markedly in the past 10 years, with a doubling of the proportion of patients with cardioembolic stroke/TIA. Our findings should motivate physicians who see patients at risk of recurrent stroke to investigate more intensively for a cardioembolic cause, because diagnosis of cardioembolic stroke should lead to a change in preventive therapy.
Conclusions
With more intensive medical therapy, a significant decrease in atherosclerotic risk factors was observed, with a significant decrease in strokes/TIAs caused by large artery atherosclerosis or small vessel disease. As a result, there was a significantly increasing trend in cardioembolic stroke/TIA among patients presenting with minor or moderate stroke/TIA between 2002 and 2012. Our findings suggest that more intensive investigation is appropriate to detect cardiac sources of embolism. This is important because it means that more patients will need anticoagulation for the prevention of recurrent stroke.
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